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(57)Abstract: 

PROBLEM TO BE SOLVED: To remove the 
complicatedness of an optical system and to relax 
restrictions on its use environment by making the output 
light of a narrow-band semiconductor laser incident on 
an optical parametric resonator(OPO resonator) in 
addition to a pump wave. 

SOLUTION: The laser light from a pump laser 1 is 
inputted to the OPO resonator 10, which performs laser 
oscillation by utilizing the parametric effect of nonlinear 
crystal NOC to obtain signal light S and idler light I. In 
addition to the OPO resonator 10, the narrow-band 
semiconductor laser 1 1 is provided which has, for 
example, relaxed usable temperature variation of ±5° C 
and is superior in stability. The narrow-band 
semiconductor laser 1 1 oscillates the same wavelength 
as the oscillation wavelength X2 or A3 of the signal light 
S or idler light I by the OPO resonator 10 and the laser 
light is made incident on the OPO resonator 10 to 
equalize the oscillation wavelength A2 or A3 in the 
resonator 10 to the wavelength of the narrow-band semiconductor laser 11, thereby narrowing 
down the oscillation wavelength of the OPO resonator 10. 



L 



J 

■yw iwwwi/ii«i ii 1 1 aft* i y 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiners decision 
of rejection] 



http://www19jpdl.inpit.gojp/PA1/result/detail/main/wAAAFyaqVzDA410213828... 2007/10/23 



Searching PAJ 2/2 ^— V 

[Date of requesting appeal against examiner s 
decision of rejection] 
[Date of extinction of right] 



http://www19Jpdljnpit.gojp/PA1/resuit/detail/main/wAAAFyaqVzDA41 021 3828... 2007/10/23 



JP, 10-2 13828. A [CLAIMS] 



1/1 ^— V 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Optical-parametric-oscillation laser equipment which carried out incidence of the 
output light of narrow-band-ized semiconductor laser to the optical parametric resonator in 
addition to the pump wave. 

[Claim 2] Optical-parametric-oscillation laser equipment according to claim 1 into which the 
cavity length of an optical parametric resonator is changed into according to the output light of 
the above-mentioned narrow-band-ized semiconductor laser, and the include angle of nonlinear 
crystal was changed. 

[Claim 3] Optical-parametric-oscillation laser equipment according to claim 1 which exchanged 
the semi-conductor of an ingredient presentation with which oscillation wavelength regions differ 
in the above-mentioned narrow-band-ized semiconductor laser. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical-parametric-oscillation laser 
equipment which made wavelength adjustable narrowly oscillation line width of face of laser. 
[0002] 

[Description of the Prior Art] What it is in a laser beam and that oscillation line width of face is 
narrowed for (it narrow-band-izes) will improve the resolution of equipment, and, for this reason, 
the appearance of a laser beam with narrow line breadth is demanded in the field of the field of 
spectroscopy using a laser beam, interference of light, and photolysis ability measurement etc. 
For example, in the field of spectroscopy, the energy structure of an atom or a molecule can be 
correctly grasped by narrowing oscillation line width of face of laser. 

[0003] There is a technique of on the other hand changing the wavelength of a laser beam using 
the optical parametric oscillation using nonlinear crystal. Optical parametric oscillation 
(OPO:Optical Parametric Oscillation is called below) As shown in drawing 7 , it is the single 
wavelength lambda 1. If incidence of the laser beam (pump wave P) is carried out to the 
nonlinear crystal NOC, such as BBO (beta-BaB 2 04 : beta barium borate) the light of two 
wavelength (lambda 2 and lambda 3) occurs in the form where energy is saved — it is — lambda 
2 — < — lambda 3 ** — the time of carrying out — wavelength lambda 2 The signal light S and 
wavelength lambda 3 It is called the idler light I. By constituting a laser cavity so that this signal 
light S and the idler light I may be amplified, it is wavelength lambda 1. Pump wave P to the 
wavelength lambda 2. and lambda 3 It becomes possible to generate Light S and I. wavelength 
lambda 1, lambda 2, and lambda 3 **** — the following relational expression exists. [ in this 
case, ] 

1/lambda1 =1/lambda2+1/lambda 3 — lambda 2 which satisfies this formula, and lambda 3 It is 
determined by the phase matching process and is specifically decided by the include angle of the 
nonlinear crystal NOC to incidence laser beam P. 

[0004] It is in such OPO laser equipment, and there is a thing as shown in drawin g 8 about the 
narrow-band-ized OPO laser equipment which narrows Rhine line breadth. It is drawing in which 
drawing 8 (a) shows the simple block diagram of equipment, and drawing 8 (b) shows the optical 
path and structure of a narrow-band-ized resonator among drawing 8 (a). Incidence of the laser 
beam of pump LD 1 is carried out to the narrow-band-ized resonator 2 which is OPO laser 
equipment, a laser beam with the narrow Rhine v/idth of face is oscillated so that it may become 
clear from this drawing, that laser beam is amplified with the amplifier resonator 3 which is 
another OPO laser equipment and only light with the narrow line breadth which has arranged 
Grating dg at the end of a resonator and was chosen as it by include-angle adjustment of 
Grating dg is amplified in the narrow-band-ized resonator 2. In this case, according to change of 
wavelength, include-angle adjustment of the nonlinear crystal NOC of narrow-band-ized 
resonator 2 and amplifier resonator 3 both sides is also needed. 
[0005] 

[Problem(s) to be Solved by the Invention] As shown in d rawing 8 , in the former, the OPO 
oscillator for narrow-band-izing and the OPO oscillator for magnification are combined, and it 
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will be necessary to carry out by synchronizing adjustment of a grating, and include-angle 
adjustment of two nonlinear crystal, and control and actuation of optical system become 
complicated. Moreover, since the narrow-band-ized per OPO resonator is used, it will be 
necessary to stabilize temperature per [ of pump LD 1 and the whole resonator ] unit but, a 
temperature control is difficult in a big unit, and if it says conversely, it is necessary to make an 
operating environment (especially temperature) limit very severe. Specifically, an usable 
temperature change is restricted to **2 degrees C. 

[0006] This invention aims at offer of the optical-parametric-oscillation laser equipment which 
was made to make an operating environment loose except for the complexity of optical system 
in view of an above-mentioned problem. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention 
has the following invention specification matter. 

(1) It is characterized by carrying out incidence of the output light of narrow-band-ized 
semiconductor laser to an optical parametric resonator in addition to a pump wave. 

(2) In the above (1), it is characterized by changing the cavity length of an optical parametric 
resonator according to the output light of the above-mentioned narrow-band-ized 
semiconductor laser, and changing the include angle of nonlinear crystal. 

(3) In the above (1), it is characterized by exchanging the semi-conductor of an ingredient 
presentation with which oscillation wavelength regions differ by the above-mentioned narrow- 
band-ized semiconductor laser. 

[0008] 

[Embodiment of the Invention] Here, the gestalt of operation of this invention is explained with 
reference to drawing 1 - drawing 6 . The simple configuration (a) and optical-path explanation (b) 
of an example are shown, and the laser beam from pump LD (YAG laser etc.) 1 is inputted in the 
OPO resonator 10, and with this OPO resonator 10, drawing 1 makes laser oscillation perform 
using the parametric effectiveness of nonlinear crystal NOC t and obtains the signal light S and 
the idler light I 

[0009] On the other hand, it has the narrow-band-ized semiconductor laser 1 1 which whose 
usable temperature change with the another for example, OPO resonator 10 was as loose as **5 
degrees C, and was excellent in stability. This narrow-band-ized semiconductor laser 11 has a 
resonator on the outside of semiconductor laser 11a, as shown in drawing 2 , it is installing 
grating 1 1dg in an end, and can change the wavelength of the reflected light by changing the 
grating include angle to incident light using the phenomenon of reflecting this single wavelength 
of grating 1 1dg in the direction of incidence. Since it can miniaturize on structure, semiconductor 
laser 11a carries out temperature control of the narrow-band-ized semiconductor laser 11 
whole, and it can perform simply making effect hard to be influenced to change of a room 
temperature, and, moreover, it is made as for it to low cost 

[0010] The oscillation wavelength lambda 2 of the signal light S according to the OPO resonator 
10 by the narrow-band-ized semiconductor laser 1 1, or the idler light I, and lambda 3 By 
oscillating the same wavelength and carrying out incidence (seed) of the laser beam to the OPO 
resonator 10 As shown in drawing 3 . it is the oscillation wavelength lambda 2 in this resonator 
10. Or lambda 3 It can be made in agreement with the wavelength of the narrow-band-ized 
semiconductor laser 11, and oscillation wavelength of the OPO resonator 10 can be narrow- 
band-ized. 

[0011] In addition, since the laser beam width efface of the narrow-band-ized semiconductor 
laser 1 1 is very narrow (1 or less [ for example, / 0.01cm - ]), in order to align the oscillation 
output of the OPO resonator 10 with the wavelength of this narrow-band-ized semiconductor 
laser 1 1, it is required for it to control the cavity length of the OPO resonator 10, for this 
reason, as shown in drawing 1 (b), cavity length is changed using a piezo-electric element PZ, 
and stability of the oscillation wavelength of the OPO resonator 10 and maintenance of narrow- 
band-izing are achieved, the applied voltage of the piezo-electric element PZ with which 
equipped the OPO resonator 10 with line breadth monitor 10a, and was made to correspond to 
the line breadth of this monitor 10a, and the mirror was specifically equipped like drawing 1 (b) - 
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- changing — and a mirror location — being very small (nm order) — it is made to change 
[0012] Moreover, the wavelength of the narrow-band-ized semiconductor laser 11 and the 
include angle of nonlinear crystal NOC will align, nonlinear crystal NOC also needing to be aligned 
and oscillator length being controlled by the piezo-electric element PZ with narrow~band-izing of 
the oscillation wavelength of the OPO resonator 10, to maintain narrow-band-ization of the 
oscillation mode of the OPO resonator 10 in practice. 

[0013] Furthermore, in changing wavelength, the include angle of grating 11dg of the narrow- 
band-ized semiconductor laser 1 1 is changed, and the wavelength obtained by this and the 
include angle of nonlinear crystal NOC will be synchronized, it will control, and the cavity length 
of the OPO resonator 10 will be controlled using a piezo-electric element PZ to maintain 
narrow-band-ization. 

[0014] Still wide range oscillation wavelength can be obtained in the narrow-band-ized 
semiconductor laser 1 1 of this invention. That is, as shown in draw ing 4 , an oscillation 
wavelength region changes by modification of the ingredient presentation of semiconductor laser. 
In drawing 4 , in the range of alpha, and AIGaAs/GaAs, the range of beta and InGaAs take the 
range of gamma, and InGaAsP takes [ InGaAlP ] the wavelength region of the range of delta. 
Therefore, a narrow-band oscillation in a wide range wavelength region is attained by exchanging 
the semiconductor laser of the class from which this ingredient presentation differs. 
Consequently, by presentation change of a semi-conductor, the wide range oscillation of alpha, 
beta, gamma, and delta is attained, and. moreover, fine-tuning wavelength change is attained by 
include-angle accommodation of a grating etc., and narrow-band oscillation wavelength can be 
obtained. 

[0015] Drawing 5 and drawing 6 show the example of structure of the OPO resonator 10, and the 
resonator structure of a ring type of being able to compare drawing 5 with the resonator 
structure of a linear model, comparing drawing 6 with drawing 5 , being able to miniaturize, and 
excelling in stability is shown. 
[0016] 

[Effect of the Invention] As explained above, in order for a narrow-band-ized semiconductor 
laser simple substance to perform a narrow-band oscillation by having made the optical 
parametric resonator carry out incidence of the output light of narrow-band-ized semiconductor 
laser to the 1st first in addition to a pump wave. Since miniaturization can be attained that it is 
hard to be influenced of pulse pump light unlike the case where the conventional OPO is used 
and narrow-band-ized semiconductor laser and an OPO resonator are controlled separately. The 
actuation which synchronized with a precision like a conventional method becomes unnecessary, 
and the stable laser oscillation is obtained, and it excels in the narrow-band-ized semiconductor 
laser [ itself] stability, and becomes usable in a large operating environment (eased temperature 
conditions). 

[0017] Furthermore, the unnecessary and simple adjustment of a precise synchronousr control 
like a conventional method is attained by changing the cavity length of an optical parametric 
resonator into the 2nd according to the output light of narrow-band-ized semiconductor laser, 
and having changed the include angle of nonlinear crystal. 

[0018] Moreover, by narrow-band-ized semiconductor laser, an oscillation in a wide range 
wavelength region is attained the 3rd by having exchanged the semi-conductor of an ingredient 
presentation with which oscillation wavelength regions differ. 
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TECHNICAL FIELD 

[Field of the Invention] This invention relates to the optical-parametric-oscillation laser 
equipment which made wavelength adjustable narrowly oscillation line width of face of laser. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1] The configuration and resonator structural drawing of an example of operation of 
this invention. [ of a gestalt ] 

[Drawing 2] The simple block diagram of narrow-band-ized semiconductor laser. 

[Drawing 3] The principle Fig. showing the relation between a pump wave, signal light, and idler 

light 

[ Drawing 4] The related Fig. of an ingredient presentation and oscillation wavelength. 
[Drawing 5] Resonance structural drawing of a linear model. 
[ Drawing 6] Resonance structural drawing of a ring type. 
[Drawing 7] The principle Fig. of a parametric oscillation. 

[Drawing 8] Whole conventional example configuration and narrow-band-ized resonator 
structural drawing. 
[Description of Notations] 

I Pump LD 

10 OPO Resonator 

I I Narrow-band-ized Semiconductor Laser 
11a Semiconductor laser 

1 1 dg(s) Grating 
NOC Nonlinear crystal 

PZ Piezo-electric element 
S Signal light 
I Idler light 
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DRAWINGS 



[Drawing 1] 
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[Drawing 4] 
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